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Abstract 


Light confinement is one of the most common and important operations in optics, photonics, 
and electromagnetics. Recently, a fundamentally new approach to light confinement has been 
explored by different groups, based on the concept of bound states in the radiation continuum 
(BICs), or embedded eigenstates. While conventional bound states in, e.g., fibers, waveguides, 
and resonators are created by preventing their coupling to radiation modes through symmetry 
incompatibility, momentum mismatch, or by directly suppressing outgoing waves, BICs are 
compatible with free-space radiation, but remain confined due to the destructive interference 
between different radiation channels. Two recent works experimentally demonstrated, for the 
first time, a defining feature of BICs in planar structures, namely, the fact that the light radiated 
by these modes, around the BIC, exhibits a vortex in its polarization far-field profile. This 
radiation feature is associated to an integer winding number, or topological charge, which is 
unaffected by continuous deformations of the structure. Hence, the presence of the polarization 
vortex bestows topological robustness to the BIC. For our experimental demonstration, we 
fabricated a dielectric metasurface supporting a BIC at optical frequencies. Using momentum- 
space polarimetry, we measured the full polarization state of the reflected light, highlighting the 
presence of the topological vortex. The essential physics can be captured in a general, new, 
theoretical framework that identifies BICs as radiationless distributions of induced currents of 
electric and magnetic types. This model fully accounts for the topological nature of the BIC, 
showing how the vortex must appear right at the point of destructive interference between two 
radiation channels. 
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Conventional bound states in, e.g., optical fibers, waveguides, and resonators are 
created by preventing their coupling to radiation modes through symmetry 


incompatibility, momentum mismatch, or by directly suppressing outgoing waves 
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Embedded Eigenstates 





Different strategy: ‘bound states within the radiation continuum, or ‘embedded 
eigenstates’ (EE), which remain ideally confined, even though they are compatible 


with free-space radiation. 


EE manifest themselves as scattering Fano resonances with diverging Q factor 


Planar geometries 
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C. W. Hsu, B. Zhen, J. Lee, S.-L. Chua, S. G. Johnson, J. D. Joannopoulos, 


and M. Soljačić, “Observation of trapped light within the radiation 
continuum,’ Nature 499, 7457, 188-91 (2013). 


Three-dimensional geometries 
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F. Monticone and A. Alü, Phys. Rev. Lett. 112, 213903 (2014). 
M. G. Silveirinha, Phys. Rev. A 89, 023813 (2014). 


Nonradiating modes 


Embedded eigenstates correspond to nonradiating modes of an open cavity/waveguide 


Examples of extended distributions of accelerating charges that do not radiate 


(nonradiating sources): A. J. Devaney and E. Wolf, Phys. Rev. D 8, 1044-1047 (1973). 
H. A. Haus, Am. J. Phys. 54, 1126 (1986). 
G. Gbur, Prog. Opt. 45, 273-315 (2003). KENNEN 
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F. Monticone and A. Alu, Phys. Rev. Lett. 112, 213903 (2014). 


> Transversely-oscillating homogenous plane of charges 
(transverse distribution of electric dipoles) 
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Any other types of nonradiating modes? 
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Radiationless traveling-wave current distribution 





Homogenous planar sheet of traveling-wave electric and magnetic currents (for k,=0) 
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Polarization angle of the radiated field, around the nonradiating condition i in oe Space. l 
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Multivalued function with a branch-point singularity at the 
nonradiating condition 


Vortex in the polarization profile of the radiated field, with topological charge: 
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If an embedded eigenstate corresponds to such a radiationless magneto-electric 
current distribution, it is topologically protected! 


Experimental demonstration of an optical EE in a dielectric 
metasurface (in collaboration with Femius Koenderink's group, 
AMOLF Institute, Amsterdam) 
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Embedded eigenstate in a dielectric metasurface 
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Experimental demonstration of a polarization vortex 





Predicted polarization angle 
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Embedded eigenstate = “Eye” of a 
polarization vortex in momentum space 
(with quantized vortex charge, i.e., 
winding number) 
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Measurements by Hugo M. Doeleman, AMOLF Institute, Amsterdam, The Netherlands 
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